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Resonant Higgs boson interference in chargino production

® Introduction
® Supersymmetry and the MSSM

® Process: ptu~ — A, H — charginos, neutralinos
® Correlation of initial and final longitudinal polarizations
® Energy distributions and asymmetries of decay leptons
®* Asymmetries of production cross section

® Summary and conclusions
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Introduction: Supersymmetry (SUSY)

() |Fermion) — |Boson)

() |Boson) — |Fermion)

Why SUSY?

® Solves hierarchy problem: light Higgs boson naturally obtained
® Provides most famous dark matter candidate:

lightest neutralino (WIMP miracle: right mass + coupling)
® Unification of gauge couplings

* Window to gravity (local SUSY)
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Introduction: SUSY particle spectrum

= Let's have a closer look at the SUSY particle spectrum
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Introduction: MSSM particle spectrum

Minimal supersymmetric extension of the Standard Model:

e For each Standard Model fermion there is a SUSY partner

1
electron 5) «—— ¢ (S=0) selectron
. 1 8 :
neutrino v (S = 5) «—— U (S=0) sneutrino
1
quark ¢ (S = 5) «—— ¢ (S=0) squark
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Introduction: MSSM particle spectrum cont.

e Similarly for the Standard Model gauge bosons

U(l)y B, (S=1) +«— B (S=3) bino
SU(2)p, Wﬁ, Wﬁt (S=1) «— W3, W (S=13) wino
SU(3)c G (S=1) g (S=1) gluino
Higgs H,, H (S=0) «— H, Hy (S % higgsino
Olaf Kittel University of Granada — p. 6/22



Introduction: charginos

charginos >~<7,i mixture of charged winos W+ and higgsinos H=.

My V2Myy sin(3)
My =

V2Myy cos(f3) p

parameters:

® Ms: wino mass, soft SUSY breaking parameter
® u: Higgs mixing parameter

® tan J: ratio of VEVs of the two neutral, CP-even Higgs fields

e |eigenvalues| of My = chargino masses m+
i=1,2

e diagonalization matrix determines the chargino couplings
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Process: Higgs exchange

pt X pt Xi
A A
1o X5 o X;
Lizo = 9% () PR+ PL)Y0, ¢=H,A
Lowsy = g™aTPpg, TW =1, T =55
Pt TTYZ"V“V tan f < 1

At /s = my: Breit-Wigner enhancement = CW?—; ~ O(1)

For 5 < tan 8 < 15 large BR into charginos/neutralinos
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Process:

ut el
Y, 4
o Xj
M+\\/ Xi
|
Uy
|
u/\ X;

continuum can be well studied at ete™

continuum
pt %6
Z
T Xj
,UJF\\/ )2?
| ~
| UR,L
I
M/\ )
colliders!

(assuming unification of the first two slepton families)
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Polarization dependence: initial muons

Higgs exchange: J =0, L, =0=5,=J,=0

= =
N > < - |RR>
Y K chirality violating couplings
= =
> < |[LL)
T o
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Polarization dependence: initial muons

Higgs exchange: J =0, L, =0=5,=J,=0

N > < - |RR>
Y K chirality violating couplings
= =
> ‘LL>
T o
Higgs—continuum interference
Continuum: S, = +1 negligible
= =
A |RL)
H K chirality conserving couplings
= =
> |LR)
pt o
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Two-fermion systems: CP properties

For a dirac ff pair
OP = (_1)S—|—2L—|—1

Spin S and C'P quantum numbers are related
CP«— S = |§f—|—§f/

5,8 = 11,0) = L[IRR) +|LL)] ., (ICP+)
5,50 =10,0) = L[|RR) — |LL)] .., (=ilCP-))
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Two-fermion systems: CP properties

For a dirac ff pair
OP = (_1)S—|—2L—|—1

Spin S and C'P quantum numbers are related

CP<—>S:|§f—I—§f/

‘Sv SZ> — ’170> —
‘Sv SZ> — ’070> —

|RR) +|LL)] ., (CP+)
|RR) ~|LL)] ., , (~ilCP-))

Sl Sl

= Initial uTp~ pol. states couple to both H (C'P+) and A (C'P—)

[RR) = = [|CP+) —i|CP—)]
ILL) = 55 ||CP+) +i|CP—)]
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Two-fermion systems: initial-final spin correlations

Longitudinal beam polarizations:

RR & |LL)¢,+,— interact with the Higgs bosons (5, = 0):
) (ntp~)

(wrp~
RR) (i) = 5 [ICP+) —ilCP=)] -

— [a|CP+) = iBICP=)] (i)

—> :Oz|CP—|—> — Zﬂ|CP—>}

(xx)

_ L2 (a+ B)|RR) + (o — B)|LL)) (xx)
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Two-fermion systems: initial-final spin correlations

Longitudinal beam polarizations:

|RR)

(utp-) & |LL),+ -y interact with the Higgs bosons (.S, = 0):
RR) () = Z5[|OP+) —i|CP=)] 0o

— [a|CP+) = iBICP=)] (i)

— [a|CP+) —ip|CP-)]

(xx)

= o5 [(a + B)|RR) + (o — §)|LL)]

= xx longitudinal polarizations (~ Re{«a/3*}) depend on

(xx)

® beam polarizations

* relative sign of H and A couplings (here a and [3)

interference of Higgs bosons with different CP parities
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Two-fermion systems: initial-final spin correlations

How to determine the polarizations of the initial and final fermions?

Analyze their decays!

® muons: decay angle — beam parameters

* charginos (and also neutralinos): need parity violating decays
longitudinal polarization < energy distrib. of decay products

ideally 2-body decays with maximal P violation

XE— v, l=epT

similar for neutralinos, e.g.,

RV — 0F + Z:LF,R.
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Chargino production and decay: lepton energy distribution

dog=  op (Ey — Ey)
= 7P, (=ep; mpe =1
to— ot pEs
] prtpT = XTX, Xp —
alg d%i [GeV—1] 0.08 T T T T T T T
0~ Vas
/5=ma=500 GeV 0-00 S -
PL=PL=—0.3 | S~ T
0.04 |- | o~ ! —
tan =10 T I |
p=—500 GeV 0.02 i/ : |
M>=200 GeV | |
mo=T70 GeV 0 L | | | Ll
0 59 TlO 15 20 25 30 T35 40
_ E,[GeV
E,—Ay E+Ay ¢[GeV]
average longitudinal chargino polarization: P, [OK,Pahlen,05]
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Energy distribution asymmetries (Y)

Energy distribution asymmetry < average chargino polarization P,

ot (Ep > Eg) — o+ (Ey < Eg) 1
.Agi = = = = —ngiPX
O+ (Eg > Eg) + O+ (Eg < Eg) 2

o HA cont
Py = Py5 + Py
Charge asymmetry (equal charginos), to eliminate continuum

1 1
¢ _ _ HA
.Ag — §[Ag+ — .Ag—] = §W+PX
PfA: function of Higgs couplings and line-shape parameters
sensitive to relative signs

(can also construct polarization asymmetry to eliminate continuum)
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Energy distribution asymmetries (Y)

o(ptu= — X7x7) in pb Significance S¢
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V5[GeV] V5[GeV] V5[GeV]
tan 8=10, u=-—500 GeV, M5=200 GeV, mo=70 GeV
PEIPiI—OS, Lefle fb_l
SE=|AC|\/20(utp=—X; XJ)BR(X] —etie) Lo

[OK,Pahlen,05]
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Charge symmetries for the cross section in Y7 X3 production

H-A interference in production cross section: [OK,Pahlen,05]

AC = o) —o(ixy) Pt P
P a(X X)) Fo(xixa) L+ Py P-

X gaugino, Agmd = —48% X7 higgsino, Agmd = +45%

(T[pb] 1 T T T |~ T

0.8
0.6
0.4

0.2

0 i | | | | | Y] | | | | \
494 496 498 500 502 504 506 494 496 498 500 502 504 506

Vs[GeV] Vs[GeV]
P = —0.3, M4 = 500 GeV, tan 8 = 10, {u, M2}/GeV = {—250, 150}, {—110, 300}
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Summary and conclusions

® Muon Collider:

® ideal to test Higgs-chargino interaction [OK,Pahlen 05]

® also Higgs-neutralino [Fraas,Pahlen,Sachse 04]

® unique interference of CP-even and CP-odd Higgs bosons:
® correlation of initial and final longitudinal polarizations
® decay asymmetries to probe chargino polarizations
® production asymmetries of the cross section

® probe Higgs-chargino couplings, and their relative sign:
test the Higgs-SUSY sector!

® Numerical results:

® asymmetries are proportional to beam polarizations:
(P/ﬁ + 73“—)/(1 — P/PLP/F)

® maximal asymmetries
production: 50%, decay: 25%, for P, = 0.3
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Production of equal charginos: beam energy spread

1.6 T T T T T

MA=350 GeV

1.4 -

u=Mas, m + =155 GeV
1
tan 5=5

Beam energy resolution

R=0.06 % (dashed)

0.2 - -

0 ] ] ] ] ]
348 349 350 351 352 353 354

V5[GeV]

— Estimate continuum from ¢** above and below the resonances
If resonances can be separated, determination of |c(¢“)Hc§f)|
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Neutralino production and decay: lepton

energy distribution

dO‘gi Oy n (Eg — Eg)
= L |1+ P L l=e
dE) 20y Ay
WV — 0 Vr — 0’30
X@' R R X
ido‘f » 0.03 T T T T
o¢ dE, (GeV™] 0.025 = | -
| | b :
1, measure of P in decay. AN
0.015 I N €/+ —
|’ N
Py : average neutralino pol. ~ oo1 - | ,/_-J—l;_-;:;.-;.-/;;-%_ .
0.005 |- I ,I/,"/' I l RN
0 | /’/ll L RN
0 50 100 150 200
[Fraas,FP,Sachse 04] EE[ GeV]
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Energy distribution asymmetries (")

Energy distribution asymmetry

OAi(EA>EA)—OAi(EA<EA) 1

A&li — — —77;7} PX

UAi(E)\>E)\)—|—U)\i(E)\<E>\) 2

Majorana character of neutralinos:
= continuum contribution to polarization vanishes
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Energy distribution asymmetries (")

Energy distribution asymmetry

OAi(EA>EA)—OAi(EA<EA) 1

A&Zi — — —77;7} PX

UAi(E)\>E)\)—|—U)\i(E)\<E>\) 2

Majorana character of neutralinos:
= continuum contribution to polarization vanishes

Charge distribution asymmetry

1 1
AKC = 5[ A — AN = 577§+7Dx
Formally A = A7,

background from secondary leptons is reduced
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Energy distribution asymmetries (")

Asymmetry A in % o(pTu™ — x{xY) in fb Significance S¢
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